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(57) ABSTRACT

A honeycomb structural body includes porous partition walls
arranged to form a plurality of cells which become through
channels of a fluid, porosities of the partition walls are from
45 to 70%, a pore diameter distribution of the partition walls
is measured by mercury porosimetry, the pore diameter dis-
tribution indicates a bimodal distribution, in the bimodal dis-
tribution, a pore diameter at the maximum peak value of a
small pore side distribution is from 1 to 10 um, and a pore
diameter at the maximum peak value of a large pore side
distribution exceeds 10 um, and a ratio between a pore vol-
ume of the small pores and a pore volume of the large pores is
in a range of 1:7 to 1:1 in the honeycomb structural body.

17 Claims, 10 Drawing Sheets




U.S. Patent Jul. 28, 2015 Sheet 1 of 10 US 9,091,197 B2

R S

SR

R VRN AR



US 9,091,197 B2

Sheet 2 of 10

Jul. 28, 2015

U.S. Patent

P




US 9,091,197 B2

Sheet 3 of 10

Jul. 28, 2015

U.S. Patent

st




US 9,091,197 B2

Sheet 4 of 10

Jul. 28, 2015

U.S. Patent

) W SIS

TN

¥

FRHITOA
0
o0

L



U.S. Patent Jul. 28, 2015 Sheet 5 of 10 US 9,091,197 B2

AAXIR
COMPRESSIVE ,
{84Pa)




U.S. Patent Jul. 28, 2015 Sheet 6 of 10 US 9,091,197 B2

FIEBA

FiGeR




U.S. Patent Jul. 28, 2015 Sheet 7 of 10 US 9,091,197 B2

TR




U.S. Patent Jul. 28, 2015 Sheet 8 of 10 US 9,091,197 B2

FIG.8A




U.S. Patent Jul. 28, 2015 Sheet 9 of 10 US 9,091,197 B2

0
e




U.S. Patent Jul. 28, 2015 Sheet 10 of 10 US 9,091,197 B2

FHGI0DA

FiG1OB




US 9,091,197 B2

1
HONEYCOMB STRUCTURAL BODY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a honeycomb structural
body and, more particularly, it relates to a honeycomb struc-
tural body which can preferably be used as a catalyst carrier
and onto which a large amount of catalyst can be loaded while
maintaining a strength of the body.

2. Description of Related Art

Heretofore, there has been suggested an exhaust gas puri-
fying device in which a catalyst for purification is loaded onto
a catalyst carrier, to remove components such as nitrogen
oxides (NO,) from an exhaust gas to be purified discharged
from stationary engines for an automobile and a construction
machine, an industrial stationary engine, a combustion appa-
ratus and the like. As this catalyst carrier for the exhaust gas
puritying device, there is used, for example, a honeycomb
structural body including porous partition walls arranged to
form a plurality of cells which become through channels of a
fluid (see e.g. Patent Documents 1 and 2). The catalyst for
purification is loaded onto the surfaces of the porous partition
walls of the honeycomb structural body and into pores
thereof.

Inrecent years, it has been considered that porosities of the
partition walls of the honeycomb structural body are raised to
increase the amount of the catalyst to be loaded onto the
honeycomb structural body.

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1JP-A-2009-242133
Patent Document 2JP4246475

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

However, when porosities of partition walls of a honey-
comb structural body are only simply raised, catalyst loading
properties can be enhanced, but there has been a problem that
it becomes remarkably difficult to maintain a necessary
strength of a catalyst carrier. In consequence, there is an
antinomy (trade-oft) relation between the enhancement of the
catalyst loading properties (in other words, to increase an
amount of a catalyst which can be loaded onto the partition
walls) and the enhancement of the strength of the honeycomb
structural body (in other words, to maintain the necessary
strength of the catalyst carrier), and it has been remarkably
difficult to establish both of the enhancements.

The present invention has been developed in view of the
above problem, and an object thereof is to provide a honey-
comb structural body which can preferably be used as a
catalyst carrier and onto which a large amount of catalyst can
be loaded while maintaining the strength of the body.

Means for Solving the Problem

According to the present invention, the following honey-
comb structural body is provided.

[1] A honeycomb structural body comprising: porous par-
tition walls arranged to form a plurality of cells which become
through channels of a fluid, wherein porosities of the partition
walls are from 45 to 70%, a pore diameter distribution of the
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partition walls is measured by mercury porosimetry, the pore
diameter distribution indicates a bimodal distribution, in the
bimodal distribution, a pore diameter at the maximum peak
value of a small pore side distribution is from 1 to 10 pand a
pore diameter at the maximum peak value of a large pore side
distribution exceeds 10 pand a ratio between a pore volume of
the small pores and a pore volume of the large pores is in a
range of 1:7 to 1:1.

[2] The honeycomb structural body according to the above
[1], wherein the pore diameter at the maximum peak value of
the large pore side distribution exceeds 10 pm and is 200 pm
or smaller.

[3] The honeycomb structural body according to the above
[1] or [2], wherein a thickness of each of the partition walls is
from 0.060 to 0.288 mm.

[4] The honeycomb structural body according to any one of
the above [1] to [3], wherein the partition walls are made of a
material containing at least one ceramic component selected
from the group consisting of silicon carbide, a silicon-silicon
carbide based composite material, cordierite, mullite, alu-
mina, spinel, a silicon carbide-cordierite based composite
material, lithium aluminum silicate, and aluminum titanate.

[5] The honeycomb structural body according to any one of
the above [1] to [4], wherein a cell density of the honeycomb
structural body is from 15 to 140 cells/cm>.

Effect of the Invention

A honeycomb structural body of the present invention
comprises porous partition walls arranged to form a plurality
of cells which become through channels of a fluid, porosities
of the partition walls are from 45 to 70%, a pore diameter
distribution of the partition walls is measured by mercury
porosimetry, the pore diameter distribution indicates a bimo-
dal distribution due to pore diameter distributions of small
and large pores, in this bimodal distribution, a pore diameter
atthe maximum peak value of a small pore side distribution is
from 1 to 10 um, and a pore diameter at the maximum peak
value of a large pore side distribution exceeds 10 um, and a
ratio between a pore volume of the small pores and a pore
volume of the large pores is inarange of 1:7to 1:1. Therefore,
a large amount of catalyst can be loaded, while maintaining a
strength of the body. That is, in the conventional honeycomb
structural body, the enhancement of catalyst loading proper-
ties and the enhancement of the strength of the honeycomb
structural body have an antinomy (trade-off) relation, and it
has been remarkably difficult to establish both of the enhance-
ments. Since the pore diameter distribution is the above spe-
cific bimodal distribution, it is possible to enhance the cata-
lyst loading properties, while maintaining the strength of the
body.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view schematically showing an
embodiment of a honeycomb structural body of the present
invention;

FIG. 2 is a plan view showing one end surface side of the
embodiment of the honeycomb structural body of the present
invention;

FIG. 3 is an exemplary diagram showing a section of
embodiment of the honeycomb structural body of the present
invention which is parallel to a cell extending direction;

FIG. 4 is a graph showing a pore diameter distribution of
honeycomb structural bodies of Examples 1 to 3 and Com-
parative Examples 1 and 2;
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FIG. 5is a graph showing a relation between a porosity (%)
and an A-axis compressive strength (MPa) in the honeycomb
structural bodies of the respective examples and comparative
examples;

FIG. 6A is a photomicrograph of an enlarged end surface of
the honeycomb structural body of Example 1;

FIG. 6B is a photomicrograph of an enlarged surface of a
partition wall in the honeycomb structural body of Example
1;

FIG. 7A is a photomicrograph of an enlarged end surface of
the honeycomb structural body of Example 2;

FIG. 7B is a photomicrograph of an enlarged surface of a
partition wall in the honeycomb structural body of Example
2;

FIG. 8A is a photomicrograph of the enlarged end surface
of the honeycomb structural body of Example 3;

FIG. 8B is a photomicrograph of an enlarged surface of a
partition wall in the honeycomb structural body of Example
3;

FIG. 9A is a photomicrograph of an enlarged end surface of
the honeycomb structural body of Comparative Example 1;

FIG. 9B is a photomicrograph of an enlarged surface of a
partition wall in the honeycomb structural body of Compara-
tive Example 1;

FIG. 10A is a photomicrograph of an enlarged end surface
of'the honeycomb structural body of Comparative Example 2;
and

FIG. 10B is a photomicrograph of an enlarged surface of a
partition wall in the honeycomb structural body of Compara-
tive Example 2.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, embodiments of the present invention will
specifically be described with reference to the drawings, but it
should be understood that the present invention is not limited
to the following embodiments and that the following embodi-
ments appropriately subjected to change, improvement and
the like on the basis of the ordinary knowledge of a person
skilled in the art are included in the present invention, without
departing from the scope of the present invention.

(1) Honeycomb Structural Body:

As shown in FIG. 1 to FIG. 3, ahoneycomb structural body
100 of the present invention includes porous partition walls 1
arranged to form a plurality of cells 2 which become through
channels of a fluid. Porosities of the partition walls 1 are from
4510 70%. A pore diameter distribution of the partition walls
1 is measured by mercury porosimetry, and the pore diameter
distribution indicates a bimodal distribution. In this bimodal
distribution, a pore diameter at the maximum peak value of a
small pore side distribution is from 1 to 10 um, and a pore
diameter at the maximum peak value of a large pore side
distribution exceeds 10 um. A ratio between a pore volume of
the small pores and a pore volume of the large pores (the pore
volume of the small pores:the pore volume of the large pores)
is in a range of 1:7 to 1:1 in the honeycomb structural body
100.

Here, FIG. 1 is a perspective view schematically showing
an embodiment of the honeycomb structural body of the
present invention. FIG. 2 is a plan view showing one end
surface side of the embodiment of the honeycomb structural
body of the present invention. FIG. 3 is an exemplary diagram
showing a section of the embodiment of the honeycomb
structural body of the present invention which is parallel to a
cell extending direction. The honeycomb structural body 100
of the present embodiment is a cylindrical honeycomb struc-
tural body including porous partition walls 1 arranged to form
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aplurality of cells 2 extending from one end surface 11 to the
other end surface 12, and an outer peripheral wall 3 positioned
in the outermost periphery thereof.

The honeycomb structural body ofthe present embodiment
is preferably used as a catalyst carrier onto which a catalyst is
loaded to remove components such as nitrogen oxides (NOx)
included in an exhaust gas to be purified.

As described above, the porous partition walls 1 are pro-
vided with dense pores (hereinafter referred to as “the small
pores”) and pores having pore diameters which are larger than
the small pores (hereinafter referred to as “the large pores™) at
a predetermined volume ratio. On the honeycomb structural
body having such a constitution, a large amount of catalyst
can be loaded, while maintaining a strength of the body. That
is, in the conventional honeycomb structural body, the
enhancement of catalyst loading properties and the enhance-
ment of the strength of the honeycomb structural body have
an antimony relation, and it has been remarkably difficult to
establish both the enhancements. Since the pore diameter
distribution is the above specific bimodal distribution, it is
possible to enhance the catalyst loading properties while
maintaining the strength (e.g. an A-axis compressive
strength) of the body.

In the honeycomb structural body of the present embodi-
ment, the porosities of the partition walls are from 45 to 70%.
According to this constitution, it is possible to satisfactorily
load a large amount of catalyst onto the partition walls, while
maintaining the strength of the honeycomb structural body.
Furthermore, it is possible to suppress the rise of a pressure
loss of the honeycomb structural body. If the porosity is, for
example, smaller than 45%, the pressure loss increases some-
times. Moreover, if the porosity exceeds 70%, the strength
decreases sometimes. “The porosities of the partition walls”
mean the porosities measured by mercury porosimetry.

In the honeycomb structural body of the present embodi-
ment, the porosities of the partition walls are preferably from
4510 65%, and further preferably from 50 to 60%. According
to such a constitution, it is possible to effectively suppress the
rise of the pressure loss, while maintaining the strength of'the
honeycomb structural body.

In the honeycomb structural body of the present embodi-
ment, the pore diameter distribution of the partition walls is
measured by the mercury porosimetry (hereinafter referred to
simply as “the pore diameter distribution of the partition
walls™), and the pore diameter distribution indicates a bimo-
dal distribution. That is, the pore diameter distribution of the
partition walls does not have any distribution curve with a
single peak but has a distribution curve with two peaks (in
other words, a two-peaks distribution).

In the above bimodal distribution, the pore diameter at the
maximum peak value of the small pore side distribution is
from 1 to 10 um, and the pore diameter at the maximum peak
value of'the large pore side distribution exceeds 10 um. More-
over, the ratio between the pore volume ofthe small pores and
the pore volume of the large pores (the pore volume of the
small pores:the pore volume of the large pores) is ina range of
1:7 to 1:1. According to such a constitution, a larger amount
of catalyst can be loaded on the inside of each of the large
pores. Further in the partition walls in which the only large
pores are formed, the strength of the honeycomb structural
body lowers sometimes. However, when the ratio between the
pore volume of the small pores and the pore volume of the
large pores is set to a range of 1:7 to 1:1, the lowering of the
strength of the honeycomb structural body can effectively be
suppressed.

The pore diameter distribution in the present invention is a
pore diameter distribution when the pore diameters of the
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partition walls measured by the mercury porosimetry are
indicated by common logarithm. For example, the distribu-
tion can be indicated by a graph in which the abscissa indi-
cates the pore diameter (the common logarithm: pm) and the
ordinate indicates a log differential pore volume (cc/g). An
average pore diameter and pore diameter distribution of the
partition walls can be measured with a mercury porosimeter
(e.g. trade name: Autopore 9500 manufactured by Micromer-
itics Co.).

“The small pore side distribution” means a smaller pore
diameter side distribution in the pore diameter distribution
indicating the bimodal distribution (i.e. the smaller pore
diameter side distribution in the two-peaks distribution).
“The large pore side distribution” means a larger pore diam-
eter side distribution in the pore diameter distribution indi-
cating the bimodal distribution (i.e. the larger pore diameter
side distribution in the two-peaks distribution).

“The maximum peak value of the small pore side distribu-
tion” means a value of a distribution vertex indicating the
maximum value of the pore volume of the smaller pore diam-
eter distribution in the pore diameter distribution indicating
the bimodal distribution. “The maximum peak value of the
large pore side distribution” means a value of a distribution
vertex indicating the maximum value of the pore volume of
the larger pore diameter distribution in the pore diameter
distribution indicating the bimodal distribution.

“The pore diameter at the maximum peak value” means the
value of the pore diameter at the distribution vertex indicating
the maximum value of the pore volume. That is, the pore
diameter means the value of the pore diameter (in other
words, the abscissa) at the distribution vertex at which the log
differential pore volume (in other words, the ordinate) is
maximized, in the graph indicating the pore diameter distri-
bution in which the abscissa indicates the pore diameter and
the ordinate indicates the log differential pore volume. There-
fore, “the pore diameter at the maximum peak value of the
small pore side distribution” is the value of the pore diameter
at which the pore volume has the maximum value of the
distribution with the smaller pore diameter in the pore diam-
eter distribution indicating the bimodal distribution. On the
other hand, “the pore diameter at the maximum peak value of
the large pore side distribution™ is the value of the pore diam-
eter at which the pore volume has the maximum value of the
larger pore diameter distribution in the pore diameter distri-
bution indicating the bimodal distribution.

“The small pores™ are pores constituting the distribution
with the smaller pore diameter in the pore diameter distribu-
tion indicating the bimodal distribution. Moreover, “the large
pores” are pores constituting the distribution with the larger
pore diameter in the pore diameter distribution indicating the
bimodal distribution.

In the honeycomb structural body of the present embodi-
ment, the pore diameter at the maximum peak value of the
above small pore side distribution is from 1 to 10 um. When
the pore diameter distribution indicates the bimodal distribu-
tion but the pore diameter at the maximum peak value of the
small pore side distribution exceeds 10 um, both the maxi-
mum peak values of two distributions of the bimodal distri-
bution exceed 10 pm, and the strength of the honeycomb
structural body lowers. Moreover, when the pore diameter at
the maximum peak value of the small pore side distribution is
smaller than 1 pm, catalyst loading properties unfavorably
deteriorate.

Moreover, in the honeycomb structural body of the present
embodiment, the pore diameter at the maximum peak value of
the above large pore side distribution exceeds 10 um. When
the pore diameter at the maximum peak value of the large pore
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side distribution is 10 um or smaller, both the maximum peak
values of two distributions of the bimodal distribution
become 10 pm or smaller, and the catalyst cannot sufficiently
beloaded into the pores. There is not any special restriction on
an upper limit of the pore diameter at the maximum peak
value of the large pore side distribution. However, when the
pore diameter at the maximum peak value of the large pore
side distribution becomes excessively large, the strength of
the honeycomb structural body lowers sometimes. Therefore,
the upper limit of the pore diameter at the maximum peak
value of the large pore side distribution is preferably 200 pm
or smaller, further preferably 180 um or smaller, and espe-
cially preferably 160 um or smaller.

“The ratio between the pore volume of the small pores and
the pore volume of the large pores” is a numeric relation
between the pore volume of the small pores and the pore
volume of'the large pores, represented by “the pore volume of
the small pores:the pore volume of the large pores”. The pore
volume of the small pores is a pore volume obtained from an
integrated value of the pore volumes of the pores having pore
diameters of 10 um or smaller in the pore volumes obtained
with the mercury porosimeter. On the other hand, the pore
volume of the large pores is a pore volume obtained from an
integrated value of the pore volumes of the pores having pore
diameters exceeding 10 um in the pore volumes obtained with
the mercury porosimeter.

“The ratio between the pore volume of the small pores and
the pore volume of the large pores is in a range of 1:7 to 1:1”
means that the ratio of the pore volume of the small pores with
respect to the pore volume of the large pores is in a range of 4
to 1.

When the ratio of the pore volume of the small pores
becomes small beyond the above range in the ratio between
the pore volume of the small pores and the pore volume of the
large pores (i.e. the ratio of the pore volume of the small pores
becomes smaller than 1:7), more large pores are formed in the
partition walls, and a large amount of catalyst can be loaded,
but the strength of the honeycomb structural body lowers. On
the other hand, when the ratio of the pore volume of the small
pores becomes large beyond the above range (i.e. the ratio of
the pore volume of the small pores becomes larger than 1:1),
many large pores are not formed in the partition walls, and the
catalyst loading properties deteriorate.

The ratio between the pore volume of the small pores and
the pore volume of the large pores is from 1:7 to 1:1, prefer-
ably from 1:6 to 1:2, and further preferably from 1:5 to 1:3.
According to such a constitution, there can be formed the
honeycomb structural body which is excellent in catalyst
loading properties while satisfactorily suppressing the low-
ering of the strength of the honeycomb structural body.

There is not any special restriction on a thickness of the
partition wall in the honeycomb structural body of the present
embodiment, but the thickness is preferably from 0.060 to
0.288 mm, further preferably from 0.108 to 0.240 mm, and
especially preferably from 0.132 to 0.192 mm. According to
such a constitution, there can be formed the honeycomb struc-
tural body having a high strength and having a decreased
pressure loss.

“The thickness of the partition wall” means the thickness of
a wall (the partition wall) disposed to form two adjacent cells
in a section of the honeycomb structural body cut vertically in
a cell extending direction. Examples of a measuring method
of “the thickness of the partition wall” include a measuring
method by, for example, an image analysis device (trade
name “NEXIV, VMR-1515" manufactured by Nikon Corpo-
ration).
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In the honeycomb structural body of the present embodi-
ment, the partition walls are made of a ceramic material. Even
when the partition walls made of the ceramic material are
provided with the large pores, a high strength is realized, and
the partition walls are excellent in a heat resistance and the
like. It is to be noted that the partition walls excellent in
strength and heat resistance are further preferably made of a
material containing at least one ceramic component selected
from the group consisting of cordierite, silicon carbide, alu-
minum titanate, mullite, alumina, spinel, a silicon carbide-
cordierite based composite material, lithium aluminum sili-
cate, and aluminum titanate.

There is not any special restriction on a shape of the hon-
eycomb structural body of the present embodiment, but a
cylindrical shape, a tubular shape with an elliptic end surface,
a polygonal post-like shape with a “square, rectangular, tri-
angular, pentangular, hexagonal or octagonal” end surface, or
the like is preferable. FIG. 1 to FIG. 3 show an example where
the honeycomb structural body 100 has a cylindrical shape. In
the present description, the cylindrical shape, the tubular
shape with the elliptic end surface and the polygonal post
shape will be referred to as “tubular” sometimes. Moreover,
the honeycomb structural body 100 shown in FIG. 1 to FIG.
3 has the outer peripheral wall 3, but may not have the outer
peripheral wall 3. When the honeycomb structural body 100
is prepared and a formed honeycomb body is formed by
extrusion, the outer peripheral wall 3 may be formed together
with the partition walls 1. Moreover, during the extrusion
forming, the outer peripheral wall 3 does not have to be
formed. For example, the outer peripheral wall 3 can be
formed by applying the ceramic material to the outer periph-
ery of the honeycomb structural body 100.

There is not any special restriction on a cell shape (the cell
shape in a section of the honeycomb structural body which is
orthogonal to a center axis direction thereof (the cell extend-
ing direction)), and examples of the cell shape include a
triangular shape, a quadrangular shape, a hexagonal shape, an
octagonal shape, a round shape and a combination of these
shapes. In the quadrangular shape, a square shape or a rect-
angular shape is preferable.

In the honeycomb structural body of the present embodi-
ment, a cell density is preferably from 15 to 140 cells/cm?,
further preferably from 31 to 116 cells/cm?®, and especially
preferably from 46 to 93 cells/cm?®. According to such a
constitution, it is possible to suppress the rise of the pressure
loss while maintaining the strength of the honeycomb struc-
tural body.

When the honeycomb structural body of the present
embodiment is manufactured, a honeycomb structural body
manufacturing raw material including an added pore former
having a comparatively large average particle diameter is
preferably used to form large pores in the partition walls.
Examples of the above pore former include a pore former
having an average particle diameter of 100 um or larger.

An amount of the pore former is preferably about 10 parts
by mass with respect to 100 parts by mass of the honeycomb
structural body manufacturing raw material. For example, a
kneaded clay made of the above raw material (i.e. the raw
material including the added pore former having a large aver-
age particle diameter) is extruded to obtain the formed hon-
eycomb body, and the obtained formed honeycomb body is
fired, whereby the large pores are formed in the partition walls
by the above pore former. As the above pore former, for
example, starch, resin balloon, water absorbing resin, silica
gel or the like can be used.

The honeycomb structural body of the present embodiment
is formed as a honeycomb catalyst body by loading the cata-
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lyst onto the insides of the pores of the partition walls, and
utilized to purify an exhaust gas discharged from an internal
combustion engine or the like. That is, the honeycomb struc-
tural body of the present embodiment is preferably used as a
catalyst carrier for loading the catalyst thereon. Since the
large pores are formed in the partition walls of the honeycomb
structural body, a large amount of catalyst can be loaded into
the large pores of the partition walls. Moreover, since small
pores are formed at a predetermined ratio in the partition
walls of the honeycomb structural body, it is possible to
effectively suppress the lowering of the strength.

There is not any special restriction on a type of the catalyst,
but examples of the catalyst include a catalyst containing at
least one selected from the group consisting of a zeolite
subjected to an ion exchange treatment with metal ions, vana-
dium, titania, tungsten oxide, silver and alumina. Examples
of'the metal ions of the above ion exchange treatment include
copper (Cu) and iron (Fe).

There is not any special restriction on the amount of the
catalyst loaded onto the partition walls. The amount of the
catalyst to be loaded is, for example, preferably from 100 to
300 g/I, and further preferably from 150 to 250 g/L.. The
above “loading amount (g/1.)” is a mass (g) of the catalyst to
be loaded per 1 liter (L) of a volume of the honeycomb
structural body which is the catalyst carrier.

The catalyst carrier with the catalyst loaded into the pores
is used as an exhaust gas treatment device in a state where the
body is inserted into and held by a metal can member via a
holding member (a mat). The catalyst carrier (i.e. the exhaust
gas treatment device) received in the metal can member is
mounted on an exhaust system (an exhaust path) for a car or
the like.

(2) Manufacturing Method of Honeycomb Structural
Body:

Next, an example of a manufacturing method of the hon-
eycomb structural body of the present embodiment (the
manufacturing method of the honeycomb structural body)
will be described. The manufacturing method of the honey-
comb structural body of the present embodiment includes a
kneaded clay preparing step of mixing and kneading forming
raw materials containing a ceramic raw material to obtain a
kneaded clay; a forming step of forming the obtained kneaded
clay into a honeycomb shape to obtain a formed honeycomb
body; and a firing step of drying and firing the obtained
formed honeycomb body to obtain a honeycomb structural
body including porous partition walls arranged to form a
plurality of cells which become through channels of a fluid,
and the kneaded clay preparing step adds a pore former hav-
ing particle diameters of 100 um or more to the ceramic raw
material to prepare the kneaded clay.

According to such a manufacturing method, the pore diam-
eter distribution of the partition walls is measured by the
mercury porosimetry, and the pore diameter distribution indi-
cates the bimodal distribution. In this bimodal distribution,
the pore diameter at the maximum peak value of the small
pore side distribution is from 1 to 10 um, the pore diameter at
the maximum peak value of the large pore side distribution
exceeds 10 um, and the ratio between the pore volume of the
small pores and the pore volume of the large pores is in a
range of 1:7 to 1:1. This honeycomb structural body can
satisfactorily be obtained.

By the above pore former, large pores in the pore diameter
distribution of the bimodal distribution are formed. On the
other hand, each of small pores in the pore diameter distribu-



US 9,091,197 B2

9

tion of the bimodal distribution are formed by a space
between raw material particles. Therefore, the amount of the
large pores (i.e. the pore volume of the large pores) can be
regulated in accordance with the amount of the pore former to
be added. On the other hand, the amount of the small pores
(i.e. the pore volume of the small pores) can be regulated in
accordance with the pore diameters of the raw material par-
ticles. That is, in the manufacturing method of the honeycomb
structural body of the present embodiment, when the amount
of'the pore former and the pore diameters of the raw material
particles are regulated, it is possible to manufacture the hon-
eycomb structural body in which the pore diameter at the
maximum peak value of the small pore side distribution is
from 1 to 10 pm, the pore diameter at the maximum peak
value ofthe large pore side distribution exceeds 10 pum and the
ratio between the pore volume of the small pores and the pore
volume of the large pores is in a range of 1:7 to 1:1.

Hereinafter, each manufacturing step of the manufacturing
method of the honeycomb structural body of the present
embodiment will be described in more detail.

(2-1) Kneaded Clay Preparing Step:

First, when the honeycomb structural body of the present
embodiment is manufactured, forming raw materials contain-
ing a ceramic raw material are mixed and kneaded to obtain a
kneaded clay (the kneaded clay preparing step).

The ceramic raw material contained in the forming raw
material is preferably atleast one type selected from the group
consisting of a cordierite forming raw material, cordierite,
silicon carbide, a silicon-silicon carbide based composite
material, mullite, alumina, aluminum titanate, silicon nitride,
a silicon carbide-cordierite based composite material, lithium
aluminum silicate, and aluminum titanate. The cordierite
forming raw material is a ceramic raw material blended to
obtain a chemical composition in a range of 42 to 56 mass %
of silica, 30 to 45 mass % of alumina and 12 to 16 mass % of
magnesia, and the ceramic raw material is fired to become
cordierite.

As the pore former, the water absorbing resin or the like can
preferably be used.

An amount of the pore former to be added with respect to
100 parts by mass of a main raw material (e.g. the ceramic raw
material contained in the forming raw material) is preferably
from 1 to 10 parts by mass, further preferably 1 to 8 parts by
mass, and especially preferably from 1 to 6 parts by mass. If
the amount of the pore former to be added is smaller than 1
part by mass, the ratio of the large pores formed in the parti-
tion walls decreases, and the amount of the catalyst which can
be loaded on the obtained honeycomb structural body
decreases sometimes. On the other hand, if the amount of the
pore former to be added exceeds 10 parts by mass, the ratio of
the large pores becomes excessively large, and the strength of
the obtained honeycomb structural body lowers sometimes.

The average particle diameter of the pore former is prefer-
ably from 50 to 200 um, further preferably from 80to 170 pm,
and especially preferably from 100 to 150 um. If the average
particle diameter of the pore former is excessively large, the
pore diameter at the maximum peak value of the large pore
side distribution in the pore diameter distribution becomes
excessively large, and the strength lowers sometimes. On the
other hand, if the average particle diameter of the pore former
is excessively small, the pore diameter at the maximum peak
value of the large pore side distribution in the pore diameter
distribution becomes 10 um or smaller.

Moreover, the forming raw material is preferably obtained
by further mixing the above ceramic raw material and the pore
former with a dispersion medium, an organic binder, an inor-
ganic binder, a surfactant and the like. There is not any special
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restriction on a composition ratio of the respective raw mate-
rials, and the composition ratio is preferably set in accordance
with a structure, material and the like of the honeycomb
structural body to be prepared.

As the dispersion medium, water can be used. An amount
of'the dispersion medium to be added is preferably from 30 to
150 parts by mass with respect to 100 parts by mass of the
ceramic raw material.

As the organic binder, there is preferably used methylcel-
Iulose, hydroxypropyl methylcellulose, hydroxypropyl ethyl
cellulose, hydroxyethyl cellulose, carboxymethyl cellulose,
polyvinyl alcohol or a combination of these binders. An
amount of the organic binder to be added is preferably from 1
to 10 parts by mass with respect to 100 parts by mass of the
ceramic raw material.

As the surfactant, ethylene glycol, dextrin, fatty acid soap
(e.g. lauric potash soap), polyalcohol or the like can be used.
These surfactants may be used alone or as a combination of
two or more of them. An amount of the surfactant to be added
is preferably from 0.1 to 5 parts by mass with respect to 100
parts by mass of the ceramic raw material.

Thereis not any special restriction on a method of kneading
the forming raw material to form the kneaded clay, and
examples of the method include methods using a kneader, a
vacuum clay kneader and the like.

(2-2) Forming Step:

Next, the obtained kneaded clay is formed into a honey-
comb shapeto obtain the formed honeycomb body (a forming
step). There is not any special restriction on a method of
forming the formed honeycomb body by use of the kneaded
clay, and a known forming method such as extrusion forming
or injection forming can be used. Examples include a prefer-
able example in which the material is extruded by using a die
having a desirable cell shape, partition wall thickness or cell
density to form the formed honeycomb body. As a material of
the die, a super hard alloy which is not easily worn is prefer-
able.

There is not any special restriction on a shape ofthe formed
honeycomb body, and a cylindrical shape, a tubular shape
with an elliptic end surface, a polygonal post-like shape with
a “square, rectangular, triangular, pentangular, hexagonal or
octagonal” end surface, or the like is preferable.

(2-3) Firing Step:

Next, the obtained formed honeycomb body is dried and
fired to obtain the honeycomb structural body including the
porous partition walls arranged to form a plurality of cells
which become the through channels of the fluid (a firing step).
In consequence, it is possible to satisfactorily manufacture
the honeycomb structural body in which large air pores are
formed in the partition walls as compared with a conventional
honeycomb structural body.

There is not any special restriction on a drying method, and
examples of the method include hot air drying, microwave
drying, dielectric drying, reduced-pressure drying, vacuum
drying and freeze drying. Above all, the dielectric drying, the
microwave drying or the hot air drying are preferably per-
formed alone or as a combination thereof.

Before firing (finally firing) the formed honeycomb body,
this formed honeycomb body is preferably calcinated.

The calcinating is performed for degreasing, and there is
not any special restriction on a calcinating method as long as
at least part of organic matters (the organic binder, the sur-
factant, the pore former and the like) in the formed honey-
comb body canbe removed. In general, aburning temperature
of the organic binder is from about 100 to 300° C., and a
burning temperature of the pore former is from about 200 to
800° C. Therefore, as preferable calcinating conditions, heat-
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ing is preferably performed at about 200 to 1000° C. in an
oxidizing atmosphere for about 10 to 100 hours.

The firing (final firing) of the formed honeycomb body is
performed by sintering the forming raw material constituting
the calcinated formed body to densify the material, thereby
acquiring a predetermined strength. The firing conditions (a
temperature, time and atmosphere) vary in accordance with
the type of the forming raw material, and hence appropriate
conditions may be selected in accordance with the type of the
forming raw material. When, for example, the cordierite
forming raw material is used, the firing temperature is pref-
erably from 1350 to 1440° C. Moreover, the firing time is
preferably from 3 to 10 hours as a highest temperature keep-
ing time. There is not any special restriction on a device which
performs the calcinating and the final firing, and an electric
furnace, a gas furnace or the like can be used.

EXAMPLES

Hereinafter, the honeycomb structural body of the present
invention will further specifically be described with respectto
examples, but the present invention is not limited to these
examples.

Example 1

In Example 1, a cordierite forming raw material was used
as a ceramic raw material, a water absorbing resin was added

12

Furthermore, 5 parts by mass of hydroxypropyl methylcellu-
lose was added as the binder, 0.5 part by mass of lauric potash
soap was added as the surfactant, and 50 parts by mass of
water was added to obtain the forming raw material. The
obtained forming raw material was mixed and kneaded by use
of a kneader, and then a cylinder-shaped kneaded clay was
prepared by using a vacuum clay kneader.

Next, the kneaded clay was extruded to obtain the formed
honeycomb body. A cell shape was a square shape which was

10 orthogonal to a cell extending direction. The obtained formed

honeycomb body was dried with microwaves, and further
dried by hot air drying. Both end surfaces of the body were cut
into a predetermined dimension to obtain a dried honeycomb
body.

15 Next, the dried honeycomb body was heated at 1420° C. for

4 hours, to perform firing, thereby obtaining a honeycomb
structural body.

The obtained honeycomb structural body had a columnar
shape with an end surface diameter of 70 mm, and a length (an

20 axial direction length) of 50 mm in the cell extending direc-

tion. Moreover, the honeycomb structural body had a parti-
tion wall thickness of 0.140 mm, a cell density of 62 cells/
cm?, and a porosity of 65.3%. The porosity was a value
measured by mercury porosimetry using a device with trade

25 name: Autopore 9500 manufactured by Micromeritics Co.

“The partition wall thickness (mm)”, “the cell density (cells/
cm?)” and “the porosity (%) of the honeycomb structural
body of Example 1 are shown in Table 1.

TABLE 1
Small pore Large pore
Partition Cell side peak  side peak Pore A-axis
wall density pore pore volume Zeolite compressive Pressure
thickness  (cells/ Porosity diameter diameter ratio  content strength loss ratio

(mm) cm?) (%) (Hm) (nm) =) L) (MPa) =)
Comparative 0.114 62 36.7 3.1 — — 250 8.5 1.00
Example 1
Comparative 0.140 62 64.4 26.4 — — 250 0.3 0.85
Example 2
Comparative 0.140 62 46 12.1 — — 250 4 0.87
Example 3
Comparative 0.140 62 47.5 13 — — 250 3 0.88
Example 4
Comparative 0.140 62 50.5 15.3 — — 250 2.8 0.85
Example 5
Comparative 0.140 62 55 17.5 — — 250 1.4 0.84
Example 6
Comparative 0.140 62 60 18.9 — — 250 0.5 0.83
Example 7
Comparative 0.140 62 63 20.1 — — 250 0.4 0.81
Example 8
Comparative 0.140 62 70 22.3 — — 250 0.1 0.78
Example 9
Example 1 0.140 62 65.3 4.8 42.6 3.2 250 0.3 0.79
Example 2 0.140 62 48.8 3.6 33.7 1.4 250 4.8 0.85
Example 3 0.140 62 49 3.6 85.3 1.3 250 3.3 0.86
Example 4 0.140 62 60 4.2 42.1 2.5 250 1.3 0.82
Example 5 0.140 62 65 4.9 43 34 250 0.8 0.8
Example 6 0.140 62 70 5.3 45.2 43 250 0.5 0.78

as a pore former to this cordierite forming raw material to
prepare a kneaded clay, the obtained kneaded clay was

extruded to form a formed honeycomb body, and the obtained

formed honeycomb body was fired to prepare a honeycomb
structural body.

Specifically, alumina, aluminum hydroxide, kaolin, talc
and silica were used as the cordierite forming raw material. To
100 parts by mass of this cordierite forming raw material, 10
parts by mass of the water absorbing resin having an average
particle diameter of 120 um was added as the pore former.

As to the obtained honeycomb structural body, a pore
diameter distribution of pores formed in partition walls was
measured. The pore diameter distribution was measured with
the device with the trade name: Autopore 9500 manufactured
by Micromeritics Co. FIG. 4 is a graph showing the pore
diameter distributions of the honeycomb structural bodies of
Examples 1 to 3 and Comparative Examples 1 and 2. In FIG.

65 4, the abscissa indicates a pore diameter (a common loga-

rithm: pm), and the ordinate indicates a log differential pore
volume (cc/g).
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Moreover, “a small pore side peak pore diameter (Lm)” and
“a large pore side peak pore diameter (um)” were obtained
from a graph indicating this pore diameter distribution. The
results are shown in Table 1. It is to be noted that “the small
pore side peak pore diameter (um)” is a value of a pore
diameter at a maximum peak value (i.e. a vertex of the distri-
bution) of a smaller pore diameter side distribution in the pore
diameter distribution (two distributions of a bimodal distri-
bution in Example 1). Moreover, “the large pore side peak
pore diameter (um)” is a value of a pore diameter at a maxi-
mum peak value (i.e. the vertex of the distribution) of a larger
pore diameter side distribution in the pore diameter distribu-
tion (two peaks of the bimodal distribution in Example 1).
Moreover, “a pore volume ratio ()" is shown in Table 1. “The
pore volume ratio (-)” is a value calculated by a value of a
ratio between a pore volume of small pores and a pore volume
of large pores (specifically, the value of “the pore volume of
the large pores/the pore volume of the small pores”.

Moreover, a zeolite subjected to an ion exchange treatment
with Cu ions was loaded as a catalyst onto the obtained
honeycomb structural body. Table 1 shows an amount of the
zeolite loaded onto the honeycomb structural body (indicated
as “the zeolite content (g/[.)” in Table 1). The zeolite as the
catalyst was loaded into the pores of the partition walls of the
honeycomb structural body by a pore filling process.

Moreover, as to the obtained honeycomb structural body,
“an A-axis compressive strength (MPa)” and “a pressure loss
ratio (-)” were evaluated by the following method. The
results are shown in Table 1.

[A-Axis Compressive Strength (MPa)]

The A-axis compressive strength is a compressive strength
(MPa) prescribed in JASO standard M505-87 which is a car
standard issued by the Society of Automotive Engineers of
Japan. In the present example, a compressive load was
applied to the honeycomb structural body in a center axis
direction thereof, and a pressure (the A-axis compressive
strength) was measured when the honeycomb structural body
was broken.

[Pressure Loss (-)]

Air was circulated through the honeycomb structural body
loading 250 g/LL of the zeolite on room temperature condi-
tions at a flow velocity of 0.5 m>/minute, and a pressure
difference (a differential pressure) between an inlet side end
surface and an outlet side end surface of the honeycomb
structural body was measured. This pressure difference was
measured as a pressure loss of the honeycomb structural body
(the pressure loss), and a value of a ratio of the pressure loss
of'each example or each comparative example with respect to
the pressure loss of Comparative Example 1 (i.e. the value of
the ratio of the pressure loss of each example or comparative
example in a case where the pressure loss of Comparative
Example 1 was set to 1.00) was obtained as “the pressure loss
ratio (-)”.

Examples 2 to 6

In Examples 2 to 6, particle diameters of raw materials
were regulated so as to obtain properties shown in Table 1,
thereby preparing honeycomb structural bodies each having
“a partition wall thickness”, “a porosity”, “a small pore side
peak pore diameter (um)”, “a large pore side peak pore diam-

eter (um)” and “a pore volume ratio (=) as shown in Table 1.
Comparative Examples 1 to 9

In Comparative Examples 1 to 9, when a kneaded clay was
prepared, any water absorbing resin was not added to prepare

10

15

20

25

30

35

40

45

50

55

60

65

14

the kneaded clay, thereby preparing honeycomb structural
bodies each having “a partition wall thickness”, “a porosity”,
a large pore

“a small pore side peak pore diameter (um)”,
side peak pore diameter (um)” and “a pore volume ratio (-)”
as shown in Table 1.

As to the obtained honeycomb structural bodies of
Examples 2 to 6 and Comparative Examples 1 to 9, “the
A-axis compressive strength (MPa)”” and “the pressure loss
ratio (-)” were evaluated in the same manner as in Example 1.
The results are shown in Table 1. Moreover, pore diameter
distributions of the honeycomb structural bodies of Examples
2 and 3 and Comparative Examples 1 and 2 are shown in FIG.
4.

Moreover, FIG. 5 shows a relation between the porosity
(%) and the A-axis compressive strength (MPa) in the hon-
eycomb structural bodies of the respective examples and
comparative examples. FIG. 5 is a graph showing the relation
between the porosity (%) and the A-axis compressive strength
(MPa) in the honeycomb structural bodies of the respective
examples and comparative examples. In FIG. 5, the abscissa
indicates the porosity (%), and the ordinate indicates the
A-axis compressive strength (MPa).

Furthermore, as to the honeycomb structural bodies of
Examples 1 to 3 and Comparative Examples 1 and 2, a section
of'each honeycomb structural body cut along a cell extending
direction and the surface of each partition wall were photo-
graphed with a scanning electron microscope (trade name:
S-3700N manufactured by Hitachi High Technical Co.). FIG.
6A is a photomicrograph of an enlarged end surface of the
honeycomb structural body of Example 1, and FIG. 6B is a
photomicrograph of an enlarged surface of a partition wall in
the honeycomb structural body of Example 1. FIG. 7A is a
photomicrograph of an enlarged end surface of the honey-
comb structural body of Example 2, and FIG. 7B is a photo-
micrograph of an enlarged surface of a partition wall in the
honeycomb structural body of Example 2. FIG. 8A is a pho-
tomicrograph of the enlarged end surface of the honeycomb
structural body of Example 3, and FIG. 8B is a photomicro-
graph of an enlarged surface of a partition wall in the honey-
comb structural body of Example 3. FIG. 9A is a photomi-
crograph of an enlarged end surface of the honeycomb
structural body of Comparative Example 1, and FIG. 9B is a
photomicrograph of an enlarged surface of a partition wall in
the honeycomb structural body of Comparative Example 1.
FIG. 10A is a photomicrograph of an enlarged end surface of
the honeycomb structural body of Comparative Example 2,
and FIG. 10B is a photomicrograph of an enlarged surface of
a partition wall in the honeycomb structural body of Com-
parative Example 2.

In FIG. 6A, FIG. 7A, FIG. 8A, FIG. 9A and FIG. 10A, an
about quadrant (¥4) of each cell partitioned by the partition
walls is reflected in four portions of the upper right, lower
right, upper left and lower left of an image (the photomicro-
graph). When a cut surface was photographed, the surface of
each honeycomb structural body which was vertical to the
cell extending direction was photographed at a magnification
of 100 times. In FIG. 6B, FIG. 7B, FIG. 8B, FIG. 9B and FIG.
10B, the surface of the partition wall disposed to form the cell
is reflected in the section of the honeycomb structural body
cut in parallel with the cell extending direction. The surface of
the partition wall was photographed at a magnification of 100
times.

Results

As shown in Table 1 and FIG. 5, it is seen that in the case of
the same degree of porosity, the honeycomb structural bodies
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of Examples 1 to 6 have a higher strength (A-axis compres-
sive strength) as compared with the honeycomb structural
bodies of Comparative Examples 1 to 9. In other words, when
the honeycomb structural bodies maintain the same degree of
strength (A-axis compressive strength) as the honeycomb
structural bodies of Comparative Examples 1 to 9, the poros-
ity of the honeycomb structural bodies can be raised. When
the porosity of the honeycomb structural body is high, a larger
amount of catalyst (e.g. the zeolite) can be loaded into the
pores of the partition walls.

INDUSTRIAL APPLICABILITY

A honeycomb structural body of the present invention can
be utilized as a catalyst carrier for loading a catalyst.

DESCRIPTION OF REFERENCE NUMERALS

1: partition wall, 2: cell, 3: outer peripheral wall, 11: one
end surface, 12: the other end surface, and 100: honeycomb
structural body.

The invention claimed is:

1. A honeycomb structural body comprising:

porous partition walls arranged to form a plurality of cells
which become through channels of a fluid,

wherein porosities of the partition walls are from 45 to
70%,

a pore diameter distribution of the partition walls is mea-
sured by mercury porosimetry, the pore diameter distri-
bution indicates a bimodal distribution, in the bimodal
distribution, a pore diameter at the maximum peak value
of'a small pore side distribution is from 1 to 10 um, and
a pore diameter at the maximum peak value of a large
pore side distribution exceeds 10 pum,

aratio between a pore volume of the small pores and a pore
volume of the large pores is in a range of 1:7 to 1:1, and

a catalyst is loaded on the partition walls in an amount of
150-300 g/L.

2. The honeycomb structural body according to claim 1,
wherein the pore diameter at the maximum peak value of the
large pore side distribution exceeds 10 um and is 200 pm or
smaller.

3. The honeycomb structural body according to claim 2,
wherein a thickness of each of the partition walls is from
0.060 to 0.288 mm.

4. The honeycomb structural body according to claim 3,
wherein the partition walls are made of a material containing
at least one ceramic component selected from the group con-
sisting of silicon carbide, a silicon-silicon carbide based com-
posite material, cordierite, mullite, alumina, spinel, a silicon
carbide-cordierite based composite material, lithium alumi-
num silicate, and aluminum titanate.
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5. The honeycomb structural body according to claim 4,
wherein a cell density of the honeycomb structural body is
from 15 to 140 cells/cm”.

6. The honeycomb structural body according to claim 3,
wherein a cell density of the honeycomb structural body is
from 15 to 140 cells/cm?.

7. The honeycomb structural body according to claim 2,
wherein the partition walls are made of a material containing
at least one ceramic component selected from the group con-
sisting of silicon carbide, a silicon-silicon carbide based com-
posite material, cordierite, mullite, alumina, spinel, a silicon
carbide-cordierite based composite material, lithium alumi-
num silicate, and aluminum titanate.

8. The honeycomb structural body according to claim 7,
wherein a cell density of the honeycomb structural body is
from 15 to 140 cells/cm”.

9. The honeycomb structural body according to claim 2,
wherein a cell density of the honeycomb structural body is
from 15 to 140 cells/cm”.

10. The honeycomb structural body according to claim 1,
wherein a thickness of each of the partition walls is from
0.060 to 0.288 mm.

11. The honeycomb structural body according to claim 10,
wherein the partition walls are made of a material containing
at least one ceramic component selected from the group con-
sisting of silicon carbide, a silicon-silicon carbide based com-
posite material, cordierite, mullite, alumina, spinel, a silicon
carbide-cordierite based composite material, lithium alumi-
num silicate, and aluminum titanate.

12. The honeycomb structural body according to claim 11,
wherein a cell density of the honeycomb structural body is
from 15 to 140 cells/cm?.

13. The honeycomb structural body according to claim 10,
wherein a cell density of the honeycomb structural body is
from 15 to 140 cells/cm”.

14. The honeycomb structural body according to claim 1,
wherein the partition walls are made of a material containing
at least one ceramic component selected from the group con-
sisting of silicon carbide, a silicon-silicon carbide based com-
posite material, cordierite, mullite, alumina, spinel, a silicon
carbide-cordierite based composite material, lithium alumi-
num silicate, and aluminum titanate.

15. The honeycomb structural body according to claim 14,
wherein a cell density of the honeycomb structural body is
from 15 to 140 cells/cm”.

16. The honeycomb structural body according to claim 1,
wherein a cell density of the honeycomb structural body is
from 15 to 140 cells/cm?.

17. The honeycomb structural body according to claim 1,
wherein the catalyst is a zeolite ion-exchanged with Cu or Fe
ions.



